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Abstract 
In this study an approach for reducing the influence of the strong long-period pulses as well as the effect of the 
simultaneous ground excitation on a three-dimensional (3D) frame structure is presented. The considered ground 
excitation is the 1995 Kobe earthquake and the 1999 Turkey earthquake. The investigation reveals that the common 
base isolators are not reducing the response of the structure in the case of the near-source earthquakes with long 
period impulses. Even they can amplify the response of the structure. By modifying the fundamental natural mode of 
the structure, we can reduce the effect of the strong pulses of the horizontal ground motion. The improvement of the 
dynamics of the structure is achieved with the combination of the lateral elastic spring and the viscous damper at the 
first story level of the structure and the base isolation. The proposed approach reduces not only the displacement but 
also the activated forces in the structural members. 
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1. Introduction 
In near-source regions the ground can vibrate strongly not only in horizontal but in vertical direction as 
well. Near-source earthquake can also have strong long-period pulses in the horizontal ground motions. 
These pulses will strongly excite structures with low natural frequency. Besides near-source ground 
motions are also characterized by vertical ground acceleration with high frequencies [1].  
In order to reduce the effect of strong earthquake motions many reduction measures exist. Additional 
dampers can be installed at the structural members or we can provide the structure with base isolation 
systems. Probably the most common used base isolation device is the lead and high damping rubber 
bearings. The rubber bearings are flexible in the lateral direction and stiff in the vertical direction. Due to 
the flexibility at the base the natural frequency of the fundamental horizontal mode of the structure 
becomes smaller than the natural frequency of the structure with an assumed fixed base. The basic idea of 
base isolation technique is to shift the fundamental frequency of the structure lower than the dominant 
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frequency of the horizontal ground motions. The structure experiences consequently less effect of the 
horizontal ground excitation. Kellyperformed investigation on the reduction effect of rubber bearings in 
case of near-source earthquakes[2]. However, in the investigation only the effect of the horizontal ground 
excitations is considered, and the effect of the strong long-period pulses is not taken in account. [3][4] Since 
the rubber bearings are stiff in the vertical direction, they have difficulty in reducing the effect of the 
strong vertical ground excitation[5][6]. 
In this study an approach for reducing the influence of the strong long-period pulses as well as the 
effect of the simultaneous ground excitation on a three-dimensional (3D) frame structure is presented. The 
considered ground excitation is the 1995 Kobe earthquake and the 1999 Turkey earthquake. 
2. Reduction Approach by Using Steel Spings and Viscous Dampers 
In this study a 3D three-story frame structure is modeled by using a finite element model. In order to 
describe the structural properties a consistent-mass model is used. To overcome the difficulty of rubber 
bearings elastic steel springs and viscous dampers are used as base isolation system. The advantage of this 
isolation system is that the structure has a flexibility not only in the horizontal but also in the vertical 
direction. 
Table 1. Material properties of the structures 
 
 
 
 
 
 
 
 
 
Fig. 1. 3D and 2D structure 
The shift of the natural frequencies of the structure to the lower frequency range can be achieved for 
both horizontal and vertical directions. Figure 1(a) shows the considered structure. The material data is 
given in Table 1. The horizontal slab at each floor has a density of 2500 kg/m3, Poisson ratio is 0.3, and 
the thickness is 0.07m. Since the 3D structure is symmetric in the north-south (y) and east-west (x) 
directions, the fundamental frequency of the horizontal and vertical natural vibrations of the structure 
with an assumed fixed base are 1.6Hz and 8Hz, respectively. The total stiffness of the steel springs in the 
vertical and horizontal direction is 20493kN/m and 3280kN/m, respectively. The corresponding viscous 
damper has the total damping value of 454kNs/m and 181kNs/m, respectively. The natural vibration of 
the structure with base isolation in the lateral and vertical direction has the frequency of 0.79Hz and 
2.74Hz, respectively.  
The considered ground excitations are the ground acceleration of the 1995 Kobe earthquake and the 
1999 Turkey earthquake (Figure 2(a) and (b)). Both earthquakes have strong long-period pulses in their 
horizontal ground motions. 
The basic idea of the proposed reduction approach in reducing the strong long-period pulses in the 
ground motions is to modify the fundamental modes of the structure by installing additional lateral 
springs and dampers at the first story level as indicated in Figure 3(a). 
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Fig.  2(a) and (b). The considered earthquakes (a) Kobe ground motions at the station JMA, and (b) Turkey ground motions at 
station Duzce 
 
 
 
 
 
 
 
 
 
In order to show the alteration of the fundamental mode shape due to the lateral spring clearly the 2D-
structure in Figure 1(b) is considered. The material data is given in Table1. The total stiffness of the steel 
springs in the vertical and horizontal directions is 26644.22kN/m and 4441.56kN/m, respectively. The 
corresponding viscous damping value is 1473.44kNs/m and 601.58kNs/m, respectively. The fundamental 
frequency of the structure with an assumed fixed base is 1.24Hz. With the base isolation system the 
frequency reduces to 0.83Hz. An additional lateral springs at the first floor level causes an increase of the 
natural frequency to 1.3Hz. The stiffness at the first floor level has the same total stiffness as the lateral 
springs at the base. With the base isolation alone the structure can have large lateral displacement at the 
base isolation level. The relative floor displacements therefore decrease. Consequently, less force will be 
activated in the structural members. An additional lateral springs at the first floor level alter the natural 
mode, and activate different forces in the structure. For the 3D-structure lateral springs and also viscous 
dampers are installed at the first floor level in both lateral directions. 
3. Reduction of the Effect of the Near-Source Earthquakes 
Figure 4(a) and (b) show the development of the relative displacement between the top and bottom of 
the structure in the y- and x-direction due to the Turkey earthquake, respectively. The dotted line 
represents the response of the structure without base isolation systems. The bold gray line and the thin 
black line are the response of the structure with base isolation systems and with additional lateral springs 
and viscous dampers, respectively. The results clearly show that the base isolation systems cause even 
larger response than the response without any isolation. The alteration of the natural mode can reduce the 
strong influence of the long-period pulses in the horizontal ground motions. 
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Figure 5(a) and (b) show the influence of the mode alternation on the development of the axial forces 
in the outer and inner upper column due to the simultaneous Kobe ground motions, respectively. Both 
results show that the proposed approach can reduce not only the displacement but also the activated 
forces in the structural members. In the inner column the influence of the strong vertical ground excitation 
is more pronounced. Even in this case the influence of the strong vertical ground motions can be reduced. 
4. Conclusions 
The investigation reveals: 
The common base isolators are not reducing the response of the structure in the case of the near-source 
earthquakes with long period impulses. Even they can amplify the response of the structure. In this study 
we proposed a new idea for improving the dynamic responses of the base isolated structures. By 
modifying the fundamental natural mode of the structure, we can reduce the effect of the strong pulses of 
the horizontal ground motion. The improvement of the dynamics of the structure is achieved with the 
combination of the lateral elastic spring and the viscous damper at the first story level of the structure and 
the base isolation. The proposed approach reduces not only the displacement but also the activated forces 
in the structural members. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5(a) and (b). Effect of the mode alteration on the development of the axial forces in the upper 
column due to the JMA ground excitation. (a) Outer column, and (b) inner column 
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Fig. 4 (a) and (b). Effect of the mode alteration on the displacement of the structure
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